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Abstract 
In order to overcome typical drawbacks of the OGY control, i.e. the long waiting time for control to be applied and 
the accessible turning system parameter in advance, this paper presents a new chaos control method based on Takagi-
Sugeno (T-S) fuzzy model and adaptive adjustment. This method represents a chaotic system by linear models in 
different state space regions based on T-S fuzzy model and then stabilize the linear models in different state space 
regions by the adaptive adjustment mechanism. An example for the Henon map is given to demonstrate the 
effectiveness of the proposed method. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction  
     Ott, Grebogi, and Yorke have proposed a method (OGY method) which stabilizes chaotic motions in 
nonlinear dynamical systems onto unstable periodic orbits (UPOs) [1]. Since then, variants of the OGY 
method have been used to control mechanical systems [2], electronic systems [3], solid-state lasers [4], 
chemical systems [5], and even heart tissue [6]. All these schemes consist of (i) allowing the uncontrolled 
chaotic orbit to evolve until it reaches a suitable neighborhood of the target; and (ii) finding at least one 
adjustable controlling parameter of the system in advance and applying small controlling perturbations of 
the system parameter to stabilize the controlled orbit in the vicinity of the target. The ergodic nature of the 
chaotic dynamical system guarantees that it will eventually land in a neighborhood of the target, however 
this may take a very long time to occur. If the waiting time for control to be applied is inordinately long, 
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then the control procedure may be of little practical value. On the other hand, in many practical situations, 
one adjustable controlling parameter of the system often cannot be found at all. 
    Recently, fuzzy logic has received much attention from the control theorists as a powerful tool for the 
chaos control. An approach to controlling chaos via the so-called parallel distributed compensation (PDC) 
was suggested in Ref. [7,8], where the key idea is to use the well-known Takagi-Sugeno (T-S) fuzzy 
model to represent typical chaos systems and then design a controller for the fuzzy model. The 
stabilization of the overall fuzzy system is determined by solving a set of linear matrix inequalities 
(LMIs). It is required that a common positive-definite matrix P can be found to satisfy the LMIs for all 
the local models. However, this is a difficult problem to be solved since such a matrix might not exist in 
many cases, especially for highly nonlinear complex systems. 
    In the present paper, we present a chaos control method improving the above problems of the OGY and 
PDC methods. This technique represents a chaotic system by linear models in different state space 
regions based on T-S fuzzy model and then stabilizes the linear models in different state space regions by 
the adaptive adjustment mechanism (AAM) proposed by Huang [9-10], which was extended by Bu, 
Wang and Ye [11], and Zheng [12]. We also give an example for the Henon map to demonstrate the 
effectiveness of the proposed method. 
2. Takagi-Sugeno fuzzy model  
     The T-S fuzzy model [7,8,13] is described by fuzzy IF-THEN rules in which each rule locally 
represents a linear realization of the system over a certain region of the state space. The overall system is 
then an aggregation of these local linear system models. Suppose T-S fuzzy model is given in the 
following form: 
 Rule i: IF ( )1z k is 1iM  and �  and ( )pz k  is ipM
 THEN ( ) ( )1 , 1,2, , ,ix k A x k i r+ = = �                                                               (1)  
Where ( )1,2, ,ijM j p= �  is the fuzzy set and r is the number of IF-THEN rules, ( ) nx k ∈ℜ  is the 
state vector, n niA
×∈ℜ , ( ) ( )1 pz k z k∼ are the premise variables. Each consequent linear equation 
represented by ( )iA x k  is called a subsystem. The final output of the fuzzy system is inferred as follows: 
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for all k , ( )( )ijM z k   is the grade of membership of ( )jz k  in ijM , satisfying the following 
conditions: 
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By introducing ( )( ) ( )( ) ( )( )1/ ri i iih z k w z k w z k== ∑  instead of ( )( )iw z k ,  (2) is rewritten as: 
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for all k , where ( )( )ih z k  can be regarded as the normalized weights of the IF-THEN rules. 
3. Controlling discrete time T-S fuzzy chaotic systems via AAM 
     Suppose a chaotic system can be exactly represented by a T-S fuzzy model (1). In order to stabilize the 
T-S fuzzy model (1) by AAM, we mean the following adjusted system: 
Rule i: IF ( )1z k  is 1iM  and "  and ( )pz k  is ipM
        THEN ( ) ( )1 ix k A x k+ =
                  ( ) ( )( ) ,i iM A x k x k+ − 1,2, ,i r= "                                                        (6)  
The final output of the fuzzy system (6) is inferred as follows: 
( ) ( )( ) ( ) ( ) ( )( )
1
1
r
i i i i
i
x k h z k A x k M A x k x k
=
⎡ ⎤+ = + −⎣ ⎦∑                                                          (7)  
where iM  is a n n×  matrix to be determined, and is referred to as an adaptive parameter matrix named 
after Ref. [9,10]. It is easy to see that the system (6) has the same fixed point 0x = of the system (1). We 
use the following theorem in order to guarantee the globally asymptotic stability of the fixed point 0x =
of the adjusted system (7). 
Theorem 1. Let I  be a n n×  unit matrix and 
( )( ) ( )1 1, 2, ,i i iM I A A I I rγ −= − − = " ,
 where ( )1,1γ ∈ −  is a constant, then system (7) is globally asymptotically stable about the fixed point 
0x = , that is, the chaotic orbits of the original system (1) can be stabilized to the fixed point 0x = by 
AAM. 
Proof. Choose the Lyapunov function 
( )( ) ( ) ( )TV x k x k x k=                                                                                                 (8)  
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Then ( )( ) 0V x k > , and 
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Based on Lyapunov stability theory, system (7) is globally asymptotically stable about the fixed 
point 0x = , that is, the chaotic orbits of the original system (1) can be stabilized to the fixed point 
0x =  by AAM. 
4. Simulation study 
    Simulation on controlling Henon map is included here to show the effectiveness and feasibility of the 
proposed method. The chaotic Henon map is described by 
( ) ( ) ( )
( ) ( )
2
1 1 2
2 1
1 ,
1 ,
x k a x k bx k
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                                                                               (10)  
where a, b are parameters. Let ( )1 2,F F Fx x x=  be the fixed point of the Henon map (10). By the 
following coordinate changes 
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one can obtain from Eq.(10) 
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Obviously, the fixed point Fx x=  of  Eq.(10) corresponds to the fixed point 0x = of Eq. (12). 
Assume that ( ) [ ]1 ,y k d d∈ −  and 0d > , let the premise variable be ( )1y k , then the Henon map (12) 
can be exactly represented by T-S fuzzy model as follows [7,8]: 
        Rule 1:  IF ( )1y t  is ( )( )1 1F y k
                    THEN ( ) ( )11y k A y k+ = ,
        Rule 2:  IF ( )1y t  is ( )( )2 1F y k
Yibei Nian and Yongai Zheng / Physics Procedia 24 (2012) 1915 – 1921 1919
Author name / Physics Procedia 00 (2011) 000–000 
THEN ( ) ( )21y k A y k+ = .                                                                                        (13)  
where ( ) ( ) ( )1 2, Ty k y k y k= ⎡ ⎤⎣ ⎦ ,
        1 2, ,1 0 1 0
d b d b
A A
−⎛ ⎞ ⎛ ⎞= =⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
        
and the fuzzy sets are  
( )( ) ( ) ( )( )( )1 1 1 11 2 1 2 /FF y k x y k d= + + ,
( )( ) ( ) ( )( )( )2 1 1 11 2 1 2 FF y k x y k d= − +
 with 0d > . In this paper, 1.4, 0.3, 10a b d= = =  and ( )0.8839,0.8839Fx = . The chaotic 
behavior is shown in Fig. 1. 
Fig. 1. Chaotic behavior of the Henon map 
      By AAM we mean the following adjusted system: 
Rule 1: IF ( )1y k  is ( )( )1 1F y k
THEN ( ) ( ) ( ) ( )( )1 1 11y k A y k M A y k y k+ = + − ,
 Rule 2: IF ( )1y k  is ( )( )2 1F y k
 THEN ( ) ( ) ( ) ( )( )2 2 21y k A y k M A y k y k+ = + −                                                           (14) 
The final output of the fuzzy system (14) is inferred as follows: 
( ) ( )( ) ( ) ( ) ( )( )2 1
1
1 i i i i
i
y k F y k A y k M A y k y k
=
⎡ ⎤+ = + −⎣ ⎦∑                                              (15)  
Let 0.7γ = . According to Theorem 1, we can get 
           1
0.972 0.0084
0.280 0.6916
M
−⎛ ⎞= ⎜ ⎟−⎝ ⎠
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           2
1.0323 0.0097
0.0323 0.7097
M
− −⎛ ⎞= ⎜ ⎟− −⎝ ⎠
.
Figure 2 shows the simulation result of stabilizing the Henon map for different initial points. 
Fig. 2. The Henon map is stabilized successfully by AAM 
Conclusions  
We have proposed approaches for stabilization of discrete time chaotic systems using T-S fuzzy 
model and adaptive adjustment. The proposed approach overcomes the typical drawbacks of the OGY 
and PDC methods and offers a systematic design procedure for stabilizing a large class of discrete time 
chaotic systems in chaos research literature. Simulation on controlling the Henon map is made. The 
simulation result has validated the effectiveness of the proposed approach. 
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